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G- 四 聚 体 （ G-quadruplex ） 特 异 性 结 合 ， 形 成 G- 四 聚 体 脱 氧 核 酶
（G-quadruplex-based DNAzyme），并表现出增强的过氧化物酶活性，可作为一
种优良的生物催化剂，在生化反应和生物传感器中具有极大的应用潜力。基于琼






的过氧化物酶活性；核心 G-motifs 序列的两端旁侧序列会对 G-quadruplex 的拓
扑结构和过氧化物酶活性产生极大影响；最优序列[B7]-3-0是一个稳定紧凑的平












































As we know, detection of small molecules, especially toxic substances is a
bottleneck of antibody technology in the field of modern analytical chemistry. A
new kind of ligand-binding functional nucleic acid probe named aptamer evolved
by SELEX is known as the “artificial antibody” with high affinity and strong
specificity to targets. Aptamers show their own dominance over antibodies such as
wide targets, small size, low preparation cost, high stablility under harsh conditions,
no immunogenicity, easy clipping and functionalization. Aptamers are expected as
alternatives of antibodies to be widely adapted to analytical applications. At present,
there are just a few aptamers against small molecules which limited the detection of
small molecules. Therefore, it shows greatly important significance in screening
aptamers against small molecules and developing new aptamer technology in the
detection of small molecules. Aiming at selection, characterization, and
optimization of aptamers against small molecules, the research work of this thesis is
summarized as follows:
（ 1） In vitro selection of highly efficient G-quadruplex-based DNAzymes
based on hemin-binding DNA aptamers
G-quadruplex can bind hemin to form peroxidase-like G-quadruplex-based
DNAzyme which can be regarded as a good biological catalyst used in biological
sensors. This thesis carried out screening high-efficiency G-quadruplex-based
DNAzyme from the perspective of improvement in the primary sequence of nucleic
acids. Three initial ssDNA libraries with 25%, 35%, and 45% guanine bases
respectively at the 45-nt random regions were designed to evolve hemin-binding
DNA aptamers parallelly using hemin-agarose through agarose-based affinity
SELEX method. The affect factors of peroxidase activity, including sequence,
structure, binding affinity were studied by CD spectra, melting curve, UV-visible
spectra, and enzyme kinetics. The results showed that the lower G content of the
initial library, the higher enriching efficiency; there was certain correlation between
peroxidase activity and the binding affinity of G-quadruplex; the flanking
nucleotides on two sides of the core G-motifs greatly affected peroxidase activity.















G-quadruplex structure exhibited the highest peroxidase activity and strong binding
affinity to hemin with 29 nM of Kd. In addition, 2'-O-methyl modification facilitated
the self-assembly of parallel G-quadruplex [B7]-3-0 and significantly promoted
peroxidase activity. This study will be helpful for further understanding
G-quadruplex self-assembly structure and work mechanism of G-quadruplex-based
DNAzyme or a reference for designing stable, high-efficiency G-quadruplex-based
DNAzyme.
（2）Selection of aptamers against aflatoxins B1 with high affinity and high
selectivity
Aflatoxins B1 (AFB1) is a kind of mycotoxin and poses a serious threat to
human health for extreme toxicity and carcinogenicity. Based on agarose-FACS
affinity SELEX method, AFB1-binding DNA aptamers were selected using
AFB1-Beads. The affinity and selectivity of aptamers were identified by FACS. The
results showed that eight G-rich aptamers were evolved from random
oligonucleotide library after 11 rounds of selection. Truncate aptamers still kept
high affinity to AFB1. They all displayed high binding affinity to AFB1 with Kd
within 0.4-2.5 μM. In the 10-50% of methanol-buffer, aptamers could also identify
AFB1 with high affinity. The obtainment of aptamers to AFB1 will lay the
fundamental material base for the further development of aptamer technology
applied in the detection of AFB1.




















evolution of ligand by exponential enrichment, SELEX）[3]，从容量巨大的随机寡核
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